ABSTRACT -Context -Liver metastases are a common event in the clinical outcome of patients with colorectal cancer and account for 2/3 of deaths from this disease. There is considerable controversy among the data in the literature regarding the results of surgical treatment and prognostic factors of survival, and no analysis have been done in a large cohort of patients in Brazil. Objectives -To characterize the results of surgical treatment of patients with colorectal liver metastases, and to establish prognostic factors of survival in a Brazilian population. Method -This was a retrospective study of patients undergoing liver resection for colorectal metastases in a tertiary cancer hospital from 1998 to 2009. We analyzed epidemiologic variables and the clinical characteristics of primary tumors, metastatic disease and its treatment, surgical procedures and follow-up, and survival results. Survival analyzes were done by the Kaplan-Meier method and the log-rank test was applied to determine the influence of variables on overall and disease-free survival. All variables associated with survival with P<0.20 in univariate analysis, were included in multivariate analysis using a Cox proportional hazard regression model. Results -During the period analyzed, 209 procedures were performed on 170 patients. Postoperative mortality in 90 days was 2.9% and 5-year overall survival was 64.9%. Its independent prognostic factors were the presence of extrahepatic disease at diagnosis of liver metastases, bilateral nodules and the occurrence of major complications after liver surgery. The estimated 5-year disease-free survival was 39.1% and its prognostic factors included R1 resection, extrahepatic disease, bilateral nodules, lymph node involvement in the primary tumor and primary tumors located in the rectum. Conclusion -Liver resection for colorectal metastases is safe and effective and the analysis of prognostic factors of survival in a large cohort of Brazilian patients showed similar results to those pointed in international series. The occurrence of major postoperative complications appears to be able to compromise overall survival and further investigation in needed in this topic. HEADINGS -Colorectal neoplasm. Liver neoplasms, secondary. Hepatectomy. Prognosis.
INTRODUCTION
Liver metastases are a common event in the clinical outcome of patients with colorectal cancer (CRC) and account for two-thirds of deaths from this disease (1) . Treatment options for this clinical entity include chemotherapy, surgical resection, ablative techniques and more recently, a combination of these modalities (14) . Supported by an adequate selection of patients, resection is the treatment of choice for colorectal liver metastases, since it may provide a cure. In the literature, there are no reports of long-term survival of metastatic patients undergoing systemic therapy exclusively.
Although there are no randomized prospective studies that support the indication for surgery as standard treatment, successive and increasingly numerous institutional and multicenter series have been published in recent decades stating that even with the expanding surgical indications, a gain in overall and disease-free survival could be obtained, reaching a 59% 5-year overall survival (11, 12, 13) . However, these results deserve a detailed analysis before they are taken as targets because it is extremely difficult to compare the figures between the various published studies, mainly due to the heterogeneity of patients selected for surgical treatment in each institution, use of multimodal treatment and even the differences in the concepts of survival presented (17) . From these data, more emphasis has been given to selecting patients who tend to have better outcomes with surgical intervention and propose additional or alternative treatments for those with worse prognosis. Thus, many studies have been devoted to assess the impact of several patient characteristics of primary tumors, metastatic disease and its treatment on the results of overall and disease-free survival (2, 8, 10) . An interesting finding is that several variables present themselves differently as prognostic factors in each series. Moreover, regional differences can apparently be involved in the selection of prognostic factors for patients undergoing surgical treatment of colorectal metastases. In Brazil, there are few studies that address the analysis of larger case series that could determine the outcomes of such treatment and its prognostic factors.
Objective
This study aimed to establish the results of surgical treatment and prognostic factors determining the overall and disease-free survival in patients with liver metastases of colorectal cancer who underwent surgical resection in a Brazilian population.
METHOD
We conducted a retrospective cohort study including all patients with proven anatomopathologic diagnosis of liver metastases from colorectal cancer who underwent conventional surgery at the Department of Abdominal Surgery, Hospital A. C. Camargo, São Paulo, SP, Brazil, in the period from January 1998 to December 2009. The study was approved by the Institutional Ethical Committee.
The characteristics related to primary tumors were based on anatomopathologic data and pathologic staging following the TNM standardization of the American Joint Committee on Cancer (22) . We also analyzed epidemiological variables and the clinical characteristics of metastatic disease and its treatment, surgical procedure, as well as postoperative evolution and survival results. Intraoperative ultrasonography was made in all procedures.
The follow-up routine of patients with colorectal tumors treated at the institution includes quarterly clinic visits in the first 2 years, undergoing laboratory tests for tumor markers, chest radiography and abdominal ultrasound or sectional examinations (CT or MRI) in an alternating fashion. A colonoscopy is repeated annually. From the 3rd to 4th year, this routine is done every 6 months and thereafter annually. Upon the detection of hepatic recurrence of the disease, tests were required in order to establish the extent of metastatic involvement and plan treatment. Positron emission tomography (PET-CT) was required in cases considered as having an increased risk for the presence of extrahepatic disease. Patients were considered eligible for liver resection of colorectal metastases if the lesions fulfilled the criteria of respectability (7) and there was no extrahepatic disease or it could be also treated in a curative intent.
Liver metastases were considered synchronous when detected before, simultaneously or up to 6 months after the diagnosis of the primary tumor and metachronous when this diagnosis occurred after this period. Patients were considered as having extrahepatic disease when imaging or surgical procedures showed metastatic foci in organs other than the liver.
Surgical morbidity was defined as any deviation from the normal postoperative course not expected for a surgical procedure (9) while postoperative mortality comprised of deaths attributable to hepatectomy that occurred in the interval between the end of the surgical procedure and the first 90 postoperative days.
We chose to employ a classification of surgical complications (6) to group them by their clinical repercussions and need for therapeutic intervention ( Figure 1 ). Postoperative changes that require invasive treatment (puncture, drainage and reoperations)
Grade 4
Complications with imminent risk of death and need for intensive care
Grade 5 Postoperative death
For statistical analysis, the software Statistical Package for Social Science (SPSS) version 20.0 was used. The relationship of prognostic factors was evaluated with Pearson's chi-square test or chi-square two-tailed corrected (Fisher's exact test) as indicated, followed by multivariate analysis by Cox regression. Results were considered significant with P<0.05. Survival analyzes were done by the Kaplan-Meier method and the log-rank test was applied to determine the influence of variables on overall and disease-free survival. All variables associated with survival with P<0.20 in univariate analysis were included in multivariate analysis using a Cox proportional hazard regression model.
RESULTS
During this period, 209 resections were performed on 170 patients. These patients were predominantly male (53.5%) with a median age of 59 years (23-80 years). Postoperative mortality in 90 days was 2.9%. With a median follow-up time of 29 months (12-120 months), the estimated overall survival was 90.1% at 1 year, 69.6% at 3 years and 64.9% at 5 years. The median overall survival was 88 months. The estimated 5-year disease-free survival was 39.1% with a median of 24 months (Figure 2) .
In univariate analysis, the presence of extrahepatic disease, bilateral liver nodules, more than three nodules, the size of the largest nodule greater than 4 cm, R1 resection, adjuvant chemotherapy after hepatectomy and the occurrence of more severe postoperative complications (grade 3 and 4) in the Clavien classification were predicting factors of worse overall survival (Table 1, Figure 3) .
Factors related to worse disease-free survival in univariate analysis were T3/T4 primary tumors, lymph node involvement in the primary tumor and rectum as its primary site, extrahepatic disease concomitant to metastases in the liver, bilateral nodules, more than three metastases, R1 resection and close resection margins up to 1 mm and carcinoembryonic antigen (CEA) level above 100 ng/mL for the diagnosis of liver metastases (Table 1, Figure 2 ).
As shown in Table 1 , without reaching statistical significance, a worse disease-free survival was also noted for patients with synchronous hepatic metastases, liver recurrence less than 12 months after primary tumor surgery, postoperative blood transfusion, number of resected segments greater than three nodules and tumors with more than 4 cm.
In the multivariate analysis by Cox regression, extrahepatic recurrence concomitant with hepatic metastases, bilateral nodules and Clavien classification grade 3 and 4 surgical complications persisted as independent prognostic factors for worse overall survival (Table 2, Figure 3) . Table 3 shows the multivariate analysis of prognostic factors for disease-free survival. The independent prognostic factors of recurrence after hepatectomy were R1 resection, the presence of extrahepatic disease, bilateral nodules, lymph node involvement in the primary tumor and rectum as the primary tumor site (Figure 4) .
DISCUSSION
In this sample of patients, estimated 5-year overall survival was 64.9%, a higher result than that found in other principal studies so far (4, 11, 12, 21) . This can be explained by the relatively short median follow-up time (29 months) and the extremely rigorous selection of patients submitted to surgical resection, especially in the 1st years of the study. Still, it is positioned as a significant result, since other studies with similar or even lower follow-up periods showed worse overall survival (5, 23) . Prognostic factors significantly correlated with overall survival included features that can be attributed to the pattern of dissemination, the burden of metastatic disease present at the time of surgery and the postoperative course. Thus, patients with extrahepatic disease represent an extract of the cases where the spread of tumor cells follow different pathways of ascent in the bloodstream through the hepatic portal system and therefore have a worse prognosis.
Likewise, the presence of bilateral nodules, more than three nodules and the diameter of the largest nodule above 4 cm are clinical characteristics that distinguished the group of patients with a greater amount of metastatic disease, which appears to be the concept actually involved in the worse prognosis of survival observed. Similar results were found in other studies (12, 16, 19) . There is a probable correlation of these data with the presence of extrahepatic disease, since in the multivariate analysis only bilaterality remained as a prognostic factor, perhaps because it has influence on other characteristics related to worse outcomes, such as resection margin and the presence of clinically significant postoperative complications (12, 16, 19) . The occurrence of grade 3 and 4 postoperative complications of the Clavien classification proved to be an isolated prognostic factor for overall survival in this series of patients, as also observed in other studies using similar criteria (15, 20) . However, in our study there was no negative impact of postoperative complications in disease-free survival. Thus, this finding may be related to the compromise of other organs and systems resulting from complications occurring after resection of hepatic metastases and not correlated with tumor progression. This demonstrates that the optimization of surgical treatment to reduce clinical complications can contribute to greater overall survival.
The estimated disease-free survival for this study at 5 years was 39.1%, similar to data found in some large studies in the literature (5, 17) and supported by the finding of a recurrence rate of 61.1%. It is noteworthy that some patients with hepatic recurrence could undergo further resection with numerically higher overall survival (82.1% versus 60.4%) but without statistical significance ( Table 1) .
The analysis of prognostic factors for disease-free survival revealed that a greater number of characteristics were significantly correlated with this outcome when compared with the data of overall survival. This finding supports the idea of recurrence being a complex and multifactorial event. Without a doubt, the great challenge to be overcome in the treatment of liver metastases from colorectal cancer, beyond achieving resectability, is how to inhibit disease recurrence after an apparently complete resection.
In this study, the factors with greater predictive capacity of recurrence after liver resection from colorectal metastases were compromised microscopic margin of resection (R1) and the presence of extrahepatic disease. The inclusion of the resection margin in this analysis can be considered controversial, since, in practice, patients with compromised resection margins do not present disease-free intervals (12) . However, the data of studies with strict control of the resection margins show that although such patients have lower rates of disease-free survival, recurrence does not occur more frequently in the resection margin (probable site of residual disease), but in other parts of the liver or other organs (3, 18, 20) . Regarding the presence of extrahepatic disease at diagnosis, it is understandable that the pattern of dissemination does in fact strongly contribute to the emergence of new foci of disease after surgery.
The bilateral disease was also an adverse independent prognostic factor for disease-free survival, with a 3.5-time higher risk of recurrence. As already discussed, this is an indirect measure of the burden of metastatic disease and reflects the weight that this factor has on treatment outcomes.
Some data related to the primary tumor remained as independent prognostic factors for recurrence, including lymph node compromise and the rectum as primary site. Such characteristics are indeed classic prognostic factors of survival in colorectal cancer and it is interesting that they are still engaged in this role also in metastatic disease. Lymph node involvement translates, in practice, to another route in the spread of cancer, while the primary site in the rectum is associated with a distinct pattern of systemic dissemination, increasing the chances of metastatic occurrence in other sites besides the liver (19, 24) . Thus, we concluded that liver resection for colorectal metastases is safe and effective in a cohort of Brazilian patients, with demonstrated survival rates that accompany the best results published in the international literature. The occurrence of major postoperative complications appears to be able to compromise overall survival and further investigation in needed in this topic.
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